ciliogenesis. Thus, we have established a molecular link between the centriole and the midbody, demonstrating that this cofactor is also necessary for microtubule retraction during cell abscission. TBCD is the first centriolar protein identified that plays a role in the assembly of both "centriolar rosettes" during early ciliogenesis, and at the procentriole budding site by S/G2, a discovery that directly implicates tubulin cofactors in the cell division, cell migration, and cell signaling research fields.
TEXT
Microtubules are alternating αβ-tubulin polymers where each α-tubulin subunit interacts with two β-tubulin molecules along the protofilament and two other α-tubulins at either side, forming the αβ-tubulin heterodimer and actual microtubule subunit of the polymer. 1 In this way, the acquisition of the quaternary structure by tubulins is an intricate process where a huge number of protein-protein interactions have to be precisely controlled in order to direct one molecule of α-tubulin to bind a single β-tubulin subunit in the correct position.
The discovery of the so-called "postchaperonin tubulin folding pathway", 2 and the subsequent identification of the tubulin cofactors involved in this process, have driven much of the effort in the study of the implications of these proteins in the folding/dimerization pathway. [3] [4] [5] [6] However, more recent results have shown that tubulin cofactors also participate in the proteostasis of the tubulin dimer through their intrinsic ability to dissociate α-from β-tubulin. Given that the tubulin dissociation constant is close to 10 -11 M, 7 it is quite reasonable to postulate that these proteins must also be required in tubulin proteostasis. 8 Moreover, their ability to dissociate the tubulin heterodimer in a controlled way is a mechanism that certain types of cells exploit to regulate key cytoskeletal processes, such as controlling their microtubule densities in macrophages 9 or the trimming of the distal microtubule tips at the axonal growth cone terminal in neurons. 10 Regarding the possible roles of tubulin cofactors at the centrosome, it seems reasonable to assume that tubulin cofactors must operate there as a machinery to associate or dissociate tubulin for microtubule polymerization or depolymerization, because microtubule organizing centers (MTOCs), and in particular the centrosome, accumulate αβ-tubulin polypeptides for microtubule nucleation. 11 Although our work demonstrates that TBCD is a centriolar protein implicated in the actual process of centriologenesis that concentrates around the proximal end of the mother centriole during centriole biogenesis and during the cell cycle, we also found that TBCD is implicated in the assembly and maintenance of the bipolar mitotic spindle, such as for many centriolar-centrosomal proteins. Furthermore, TBCD localizes at the Fleming bodies during the final steps of telophase where it participates in microtubule retraction during cytokinesis and cell abscission. 12 Summarizing, these results make it obvious how tubulin cofactors, and in particular TBCD, being key participants in cell division cytoskeletal reorganization, are more than tubulin folding proteins.
Centriologenesis also occurs in other systems such as in multiciliated cells where masses of centrioles are assembled during their differentiation process. [13] [14] While the canonical centriole duplication occurs once per cycle and it is tightly controlled and coordinated with chromosomal duplication events, in these cells centriolar amplification is achieved by a mechanism whereby several daughter centrioles are simultaneously nucleated from a mother centriole, or alternatively noncentriolar structures named "deuterosomes." These highly organized structures ( Figure 1 ) have so far only been described under physiological conditions by qualitative electron microscopy, and have seldom been observed when the SAK/PLK4 kinase is overexpressed, or in cells artificially arrested at the S phase. 16 Thus to date, TBCD is the first ever reported protein to be recruited in these procentriolar formations. 17 Further biochemical studies will shed light on the mechanisms underlying the way this tubulin cofactor is recruited during procentriolar assembly in differentiating is also situated at the base of each motile cilium.
E: TBCD is also localized at the centrioles of the base of the flagellum in human spermatozoa (4).
